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^^-)l^7 4, 7 5 1CMJSLT. ^T<0^^<7)@eia^iStf^T>^tfT'i^-;U7 6 

[0 0 6 11 

If T 4^ - ;v 7 4 , 7 5, 7 6 fi tf ^^m^^^^^ii J: v^tJ^ JiBB^T) <iZy°y 
[0 0 6 21 

^ K^^/^" h ^>>^~;^^<7);j->i-^37-r 5 y^'x\ -^fi^tLcoKH^m^^iom 
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^-v: 18/ 



•S^v^^<7)i/4r^ft ^ M X. tt J: ^ ^ ^ ^ o 
[0 0 6 3] 

[0 0 6 4] 
[0 0 6 5] 

mis (A) itmm^yy }'^^ri^mu^(^^i^u^7r^i-^mm. mis (b 

) iijtmmvyyv^rmimm5 0(7:)mmm-r:^$)ho mis (a) (Dm-c^^t. 

5 1, 5 2 filt L. ^ ^ 1 > V^Tiiimm.^ 5 3 tio 

T {± m® =^^^ < -r ^ $ tLT v> .2, o 

[0 0 6 6] 

8 tiJ: 9 tc. 6^^'^Z>^m<D7tWiW^^^y > K^T-fS^*7m 5 0 (DWWMS 0 a h 
i^'7> ms 0 b<^)F^tC, 2o(7)Jp^/^'vi57mS8 1 , 8 2 ^I^^LTJf AL> 
M^^^^^^•v^'m®8 1 , 8 2 rBl=&«*iL8 3 a, 8 3 b tr^M LTv^^o i"^ i: 

^ 7cm?ii^9> K^Tte^^j^5 0 \>zm'ox\^^hm^Wimj:mfwmmwim^ 

3 a, 8 3 b i::v}!LtLiZi^^ TO^tt^o ^-v/N-v^mSS 1, 8 2 
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^ n T V ^ ^ ^> o -e ^ 19 . — iisfitj ^c/J^ ^ ;i/ ^x- 

[0 0 6 7] 

^ ^ in >5 i6 <^1»^;^>^~'E«^ <b ^ ^ o 1" 4^ ^ . :^KK^!^. ^* ^ > Tf5i3m*& 5 
1 , 5 2, 5 3 7i>5^^^ L fcltjJ&iPi<7)^ft J; . TcS^i^.iJ'*^ > F^TfS^Iti^ 5 0 

OWliS<7){5 9 ^|ffl< L^tttL{f^ib>^v^o -etL(i^^/^°v^mS8 1 , 8 2^ 

[0 0 6 8] 

tfz. ^■v/^°v^mfe8 1 , 8 2;^5'^?-t)-i» t >li*-i5^>>^:<>^'i^< 
y V^rm'&U^ 5 0 S 4 :S.C/J£;'cg|5 8 5 ^IStt-S) - 

^#m53~K'^yrL ct «9 -mmi^m^'^-r htz^sb, z. <7)m^^^ 8 4 8 5 

[0 0 6 9] 

IMm^^UB, A^Xf^-XW^^ b^%^Hhmm.^^^^1^^fz)sb\Z^ 1112 0<^ J; 
d ^ISJt^^^#x.ibtL^o BI2 0 {A)' kt^yy'm^^^^^^y^mim^'^t^^yfz 
«it^^L. 1212 0 (B) > ^gdl^«^C:$'M^J■^t<7)^^/^°viS^^j5L[lIi^*i^ 

ItTtmii^^L. 112 0 (C) (iliI2 0 (B) (D^mm^T^X^X^^^o 
[0 0 7 0] 

E12 0 (A) , (B) , (C) tiisv^T. 7nm?i^^*^> K^rfE^^^ms Oti 
. ^^i.fz 2 :$:<7)5?'ll!im?i?.^''^ > K^Tf^iil^i^ 5 1, 5 2 fitt L. ^ 9 1 

[0 0 7 1 1 

1212 0 (A) OltittliJV^T. 6^^1r^^m<^7tmM^^'yy V^Ti^^mb 
Q<DmMM^ 0 ^t^'7y Oh (Dmz. 2oco^^/^•v^ 9 l , 9 2^^~E 
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^ij H# A ^ is^^ 2oo^-v/^•v^9 1, 92^ tt^ij ti^M-f -i) JStiL 9 3 m% 
tt^tL-Cv^^o Mt^#L< {i^ itWM^^'py K^TfE^ifms 0O««5 0 a 
ii-h'^\^^^itfz^\^^V.U^ 7 9 2 :^(^mM75^^l{t=? ^ A 9 4 

tcioT^M^tL. > 0 b^O-ib^l^tb^tt/^z^liitti Lf|i9 5 <!: 

^^/N°v^9 1 :^(7)mM>6^^lft39A 9 6 tcJ:oT^^$tL-Cv^^o 
^9 1, 9 2 'toTV^^T^^ [WID®l*I(C3fe^lJ1-^^jiT'^)oT^ ctV^ 

o 

[0 0 7 2] 

Sfc. 1112 0 (B) <7);j#5ttii3V^-C. ^^HlJ-T '2)^|trOxm?!^^*^ > K-^Tf^^i 
#m 5 0 (ryWMM 5 0 a ^' 9 > 5 0 b or^l t^. 2 oo^Mt^t^T)^ y • ^ 

^^N°V^10 1, 1 0 2 ;^>^'il^lJtC#A$tL. 2 0(^)^ y -7° • 1 0 1 , 

1 0 2 ^»J«^t-'2»^Mttt«i5Ll 0 3 56^1^tt'btLTv^^o 
[0 0 7 31 

SI 9;g:Z/Ill2 0<7)^^/^»viS^<7)#4{±f5^lll^j^<7)-e<7)g|5^<^)ft$(|lI (C) 

v^o y"') y h g£f«^ri-e#tt-f > M-^y 7.1^^=1^0. t-r^t^ umum. 5m 

m. ±Tm.^m<omm^lt30 jurat fj: i) ^ 0603^^4 X(D^ y •:rxiiL=mirm<Dti 
tb. 0.7pFtfj:^o l^<^^^/N°v^J'<7)^»{±35pF^^tL{i+^'e^)'2)o 
[0 0 7 4] 

^ts)b-fht^ -r >t:-^'>>^Z{il/(2;r X10GX35p)=0.45n ^iJ^ l9^ iSJlr^ti 
IGHz^- ^'^-e^ttti^ L ti^^ L-C500^'e^tL(i^ J: ^ y 

^SfeL{iZi:l|1iffiT-^tL(^J:v^5&^ Un^^.^m^^fzib. 100^fIJg<^50n ^ 
[0 0 7 5] 
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1-0 112 1 (A) (i. ^[6]t4is^t?i 1 om^^fhfLfzmM^'^yh'^rmim^ 
g&5 0 112 1 (B) (±112 1 (A) (Dx-xm^ra-^fzmmmx 

[0 0 7 6] 

id-mm.M^'y y r^rmmm si, 52 \i^6f^-fh^m<^7tWM^^y > 

TfS3i#m5 0(cp«Lr;^i^]mg^t^i 1 o^^l^ttf>^-cv>^o ^^i^ttlS-^tl 

^yzT^fz^i^ xm^^iJ'*^^ K^TfS^^I^S Oi)-hn.mLX%%\1^hiXX\^^^o 
jtrnM^'^y y K^TfS^iims 0:5.TOfS]t4*S^tl 1 1 0 (±»® 1 1 1 1*1 (ca 

is^tLTv^^o *7t^ ^^isjttis-^^i 1 ^<T)^Tum^^M'i^mmi \ 1 2^^^g 

[0 0 7 7] 

mm^^^ y v^rmmm^ so:^-^. ^t^mmv^ y v^rmmm 51,52 

[0 0 7 8] 

—^(Dmmm. 5 o c . i^*^ > m 5 0 d /^^^sm $ tt. mft¥=' > t"^-^- 1 2 1 if 

[0 0 7 9] 

^-^^A. ^-y 1 2 Oco^io'O izai6^.^+^/N°v^-eJ; <. LS 

5&^'l):^?£^i:'i)o ^ .y ^''^^^^'viJ' 1 2 0O^H:{±lnF;0^^100nF®Jg<7)^c7);;>s:it 
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[0 0 8 01 

mm 5 0 i>zmm ^ ntz k ^ -r h ^ > ^ ^ -y-^- > ^'mmTmm^^^ i # 

^;!>-tL. -e- (7) K ^ -r / s- h ^ > V y?. :t VjSi/tRon ^ Vdd"^'^ ^ ^ m»itI=Vdd/Ron= 

lV/200 n =5mk:d^tLfi^ o - tLTli^ft^ft^^Sit Iniax=Vdd/20p=l V/50 a =20inA J: /J^ 

y y 9 -bm^^X^ ^ -yf-Ltzt-th mvilL^Sedi/dt {idi/dt=5mA/30ps=0. 
17 X lOVs tti:hfzib. HU izE<7)0603M <7)Ls=270pH ft T V ^ ^ ^ 7° ^ ■\' / v ^ 
1 2 Ot:iiVdrop=46mV/F^^/^t^f)II¥i<OK^-r/-^~h7>v^^^lEK)t-^ 
^ <i: (i-e § ^ o fco 4"*^j^Jm50n 75>^^# v^T ^ v ^HEffijI- -5> WM. 

<7)^iT-=&^^6^t^liI^1-'5> Ill 2 3 (A) cod: 9 'So 
[0 0 8 1] 

nf^^i^i}^jt>ix. 112 3 (B) tr^-Ti^ic, tr=30ps75»noi§J^±t;^^::<i: 
[0 0 8 2] 

h. 5>IH<^^y 1 2 0-e$^tTv^^::i:y&^lb. wmti/^t^j:^ 1 
jicT^f- .y y°dp^/^«v;5' 1 2 0 J^^'b^/i«vjfL^S£(idi/dt=lmA/300ps=3.3X106A/s 

[0 0 8 3] 

^ i -ecomi±®TVdrop=3. 3X 106A/sX270pH=0. 9mV^ V> ^ f&V^-fil-t: fp-IMl^ 

^ v^o #-m<7) K ^ ^ b 9 > ^ > iJ'' A i CO J: 9 ^it^TrS ^^S^lt^l^^ 
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10\f 'yhmmW^mx.mm<Dmmtfj:^o -hfSft#M'C{iVcirop=0.9mVXl 
0=9mV t 19 PpIStS^'^ C ^ H§I<5^ft#^!lRon=500n O^J-e(i64 1^' y V m^^^^- 

[0 0 8 41 

)2:v^Mlt-em^iii^"'^ > K^T;?)^^;^ y -7°'; > ^' lt fj&:>. y ^- ^ 

[0 0 8 5] 
[0 0 8 6] 

«l&l»i£^J^#^-r^-7 y 7°^-77°^^1-|gT^)i9. E124 (a) \u y 
•f^y-7°(D^^'^-y\^^r^Y. 1212 4 (B) {t^mt-Xm-^Tf^X^X^^^o 
[0 0 8 7] 

^ >7 1 3 0 ±<7)^^^T^j^ 1 3 1 {±m?« t > YW. W^WM. ^ tL 

^'MOfzibmiW^'^Vi^L. 1212 4 (B) tc- W9 ffi LTEl^ LTv^^o ^ 7 
•7°1 3 0Ji<7)|^^^Tl^lE&l 3 1 (i. El 2 4 (B) ^C^1-J:9^^^ n^A 1 3 2 
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[0 0 8 8] 

-eLT. m^^rmi 3 1 (i. 3 3^aLT. ^^mMv^y 

v^Tiiimm 1 3 4 ic^^^n. ^<7)#55^ii5^^'9 > K^Tfsiiim 1 3 

4 7&s';5cv^7t:m?i^i>*7 > K^T|5ii^]E& 1 3 5 tc^»{t$ ttrv^^o 
[0 0 8 9] 

^ 7 -7° 1 3 0 (ojisia 2 5^ij<^/^->7° 1 3 6 itinmrn-ci) ^ . mnmu^^^rt) 

[0 0 9 0] 

{i\ -Q^^ ft tt^^ L f^t^^«-e7C«?J^<^ia < t -e? I i mi- ^1 <?: 7&5^ ^ H/^o 

4^'=^BRi|X^ttrv^^o HI 9> 1112 0. 1112 1 Kji^T&^i-T"^ 
ttitd67t^i:tc>^l9". J^:JiP#0^^{±it^fllJ^^^-eJt < 1112 2 0j:9t3ab^^^ 

[0 0 9 1] 

^tc. ^v'i'i 3 0i*io[iij^i:@Eiai'-^v>riJi5g-r^o l-etcN^-^;^;^a60 

K9^/s- h ^ > ^ J: ^ K^^^^IIIS&^^L/ct:)^ 02 5(7)j:9(3CMOS 
[0 0 9 2] 

MOS K^^/-^l 4 OJiP^^^^-^wMMOS h^^v;^^ 1 4 1 N -f- ^ 

Mos 1 4 2 /&^^^;i>CMOS-f ^^^-^m^-e^D. 
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[0 0 9 3] 

i/i. CMOS K^-r/^~i 4 o<7)tb;fj . ^'^> vt^j-izian^-if^y K^rf^ 

1 4 4 T&^^^l^^ tLTv^.5>o m^y^ y K^Tf^^iim 1 4 4 (7)>ff-^#gi: C 
MOS 4 0<7)ai:'jj^?-<7)rBlK{±^>fe:>^'t£i5Ll 4 5 tLTv^ 

-5) o 

[0 0 9 4] 

M-^iJ''^^ K^TfE^#mi 4 4tC(»)^jmi 4 6;6^^^M^tLTv^^ 
o > K^TfSis^^j^ 1 4 4 {i^tdl^ v-/^- 1 5 0 (0^^X11 h ^ > 

iJ' 1 5 1, 15 2<7)r- h tC^^^ttTV^^o Mftdl/v-/-? 1 5 0 tCtijtlKTJE^Ig 
> K^Tf5js#m 1 5 3 i)-hWm^^%^^^X^^^o 
[0 0 9 51 

con 2 5 0 K^^/^' • l/v-/^mS&{i. ^ •y7'l 3 0 1*1 ^ o T ^ Jt^fitJS 

v^ffi-^n^wi-^^o-e. ffi-^Mi?si5[^^oi/4^S:R^®x.;i)prtgi475i^'^^o -e- 

[0 0 9 6] 

^14 4 ^^^L/il^J^*mi 4 e^^^iJULT. '(I^HUJ:-^-^;l/^^^ML> 

LTfflrffct-^ci^Tm^sM^otciqi^^o ^Wi^mm{. \ 4 6^#upl^v^« 
jigT*abtL(^. CMOS 4 0 \zw^-th^y\iy'^^^ \ 4 5 ^cmo 

<7)#14-r y 11 - L < l-ttfi^^v^o 
[0 0 9 71 
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[0 0 9 8] 
10 0 9 9] 

[^11 



[MHz] 


iSDljBlCGHz] 


v = 1 X \<f[m/%](D 
(l/4)A.J§jES«[m] 


v=1.5xlO^[m/s](D 
(1/4)A!^i^*[m] 


v = 2x 10*[m/s](7) 
(1/4)Aji^:^[m] 


5 


0.05 


0.5 


0.75 


1 


10 


0.1 


0.25 


0.375 


0.5 


50 


0.5 


0.05 


0.075 


0.1 


80 


0.8 


0.03125 


0.0375 


0.0625 


100 


1 


0.025 


0.0375 


0.05 


300 


3 


0.008325 


0.012485 


0.01665 


500 


5 


0.005 


0.0075 


0.01 


1000 (1GHz) 


10 


0.0025 


0.00375 


0.005 


1 0000(1 OGHz) 


100 


0.00025 


0.000375 


0.0005 


100GHz 


1000 


25A/m 


37.5 At m 


50 /.t m 



[0 10 0] 
[0101] 
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[0 10 2] 

ICHz^ n ^jirSiS:-e{iB£*tS$(iSi02P*3T"5mmi: ^'^o 2002. 2 <7) Symposium o 
n VLSI Circuit<7)Intel<7)f^:J:(D. Deleganes, et al. "Designing a 3GHz, 130 
nm, Pentium 4 Processor," 2002 Symposium on VLSI Circuit Digest of Tech 
nical Papers. CDROMO-7803-73 10-3/02, 2002.2)(if- 7 7°l*Ii£#a^l.6mmJ^I*ItC 
©JPSL7ti^ftt4'o-Ci/^^o ^tL=^aolt^'jtf4T'^^o ( Pentiumti^ >T-;U 

=i~-^'U-z^ 3 XD^mi^MX^^o ) 10GHz<7)/N-;l/>?>t:^(i0.5mm<hv>^ 

[0 10 3] 

<oft:feBeM{io. smmmrtc-t «9 > Hh^^'d <^m«{i -o5e#a« 

^TI1I4^I1I2 5<7)f5ii#m«iit L^^lttLtS^^^^v^o ^xam^^^^htt^t-o 
[0 10 4] 

4 yi<zu^m^^tix^^^^titmd txi>^^^^o 

[0 10 5] 

j^ic^ n y^^^m^iim-^^<DM^Mmi^^^mt(-m : -7 v -mm.) tzif 
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[0 10 6] 

ctdtw^kv^ a^j^i^-^^ K'-^rfs^i^^ms o<^@ell^M^3^•;/y^■v^^•v^ i 2 
0 ^fcO {f*i)T^Mt-^o >r<7)^ y 1 2 0 ri^itcf^^^ttTt 

[0 10 71 

Jij,±. gems ICO v^-ri^^fflnm0^ i^tzi^K v^^ ^<y^ > ^ i o (dwm 

0<^1i5t^MlcB^^L/::. Yy^^^V^yVT.^ 1 0 A<7)^5itiov^TllI 2 7 
[0 1 0 8] 

HI 3 <7) -r h ^ > vJ^ 1 0 o^jST {i. WM^^y > K^TfEiiim 2 0 

•^TfS^iWS 0 60^'9> KHS 2;6^^y-;^iBlJ<7)P+;i8tI3>^^ h LTV^^ 
o C(7),i5;(i|W| D-eab'E)>6^ El 2 7 O ^ > ^ 1 0 A tiov^Tii. P 
+^ 7 ^ P +^ 8 ti)^. YV^ >m 3-^^hV-:^m4 K^^mi^Tizmifhtifz 
P+S 1 6 0 ^^LTSv^tC^|g^tLTi/^^.a;;{,?^>^oTV^^o P +g 1 6 0 (i 
p ^ i;L. 2 J; iS^M^#S<7)j£f[ji-eff^^ $ tL. P -i; 2 tiJt L-Cf&im-C 

[0 10 9] 

i (7) K 7 h ^ > V >^ ^ <7)*2js:j^a L <7)7{i^^[l 2 8 "C^ ^ o ^ =7 > 
Y^TM."^^^! 0 c7)^-9 > K#I2 3 iiM-^^''^ > K^TfKil#a]f& 3 0 > 
m 3 2 >6^1g:^£tJL<7) P +il 7 , 8 , 16 0 -e3SM $ tLT v^^ <^-t:\ F ^ ^ h ^ 
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[0 1 1 01 

tfz. p+mi e or<7)^mmi^-m<Dfztt>. mm^mm^. i-^^-^soi (sii 

icon On Insulator) «3t <!: LT J: v^o V U 4 3 RZfV - 7.m 4T(Dpnm^ 

^im»-efllfiKLT^ iv^o ^hiZP+m7, 8, 1 6 0(i^T#ST-M§J^x. 
T^ctv^o ^tttzii), myi^iJ'*^^ K^TfE^|.tS&2 0<7)^'^>^ m2 3 ^^-^ 

> v^TmM^^3 o(Dv^ y vm3 2 ii^m-c^—i^it^ti^o w^i. m 2 

[0 111] 

1112 9 {iS0lS^t<7)CMO S K9-r/^ 1 4 0 ^^■r»fBIl-e*)^o iOCMO 

S K^-fv^l 4 0 CO HI (±111 2 5 L/::^<7)-e^^„ m^&^l 7 0±lZP^ 
^^;UMMOS h^^vT.^ 1 4 1 ;S.t/N-5^^^-;^MM0 S h 14 2 

:^mm^tix}s^^ z.<Dmmmmi 7 op^k. mM^y>v^rBm^mi 4 3 

<D^'^ y Ym^hm^^'y y K^Tf^^iaiK 14 7 (O^y y YWM^Wm-t^{^ 1 
mi 7 1 ;6^'ff^l35c$tLrv^^o 
[0 1 12] 

z.(r>mmz^\,^x . Ki^-r ym(r>w^mn^m.^<r>W'^if-SLrm: 

^T^^^MtH^^o ttz. "i^^^ ^^JVMMOS Vyyyy^ \ A 2ij^^^y(Dt^^ til 
;'jM#1IJJtc^|-^^fjLl 4 6 ^#JpLfc(7)-e(±^<«W^'l!)^^^v^ 1->^:b*>. N 
^^^.;l/MMOS h ^VvJ^iJ' 1 4 2i)^yf^ti:m^tti:h^ti)^h. CMOS^ LT 
0^«J ^ ^^-1" a6 {± C M O S K 9 -f ^ ^fflij r > tf > i^'^g^L 14 5^ ISlt ^ 

[0 1131 

^ ^ i::#tt^)Dx. ^ . Xtim^ i>^TU^m^ 1 7 2 T'^^^-f ^ i <!: J: f) . 
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h ^ > V ^ ^ 1 0 A $ ^ 9 f iJ.^.Ti^'^) o 

[0 114] 

[HI] 

[0 2] 

[0 3] 
[0 4] 
[0 5] 
[0 6] 
[0 7] 

[0 8] 

o 

[0 9] 

3 K9^/^'<7)1075?5t^fl&f^L;t:^ i(7)v^ :xlx-V3 >^:i:^^-t0-t?*^o 
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[mi 0] 

mmv^ y v^rmMm<7)!\mi-^ y \L-yy7. zopsT&^/h^ v^^t^ov ^^.v 

[mil] 

[012] 
10 1 3] 
[014] 

;t^ -7 b 7-i5'^ii!JSfilt<7)^®[lI-e^^o 
[015] 

[0161 

^ y h 7-i^55-iKSE«to¥M0-e^ao 
[017] 

[018] 

[019] 

^> ^- ^ TOI" -i) Jfii5L^ ^ y N° V ^ 01^ ^ ^1-¥M0 -e * ^ o 

[02 0] 
[021] 
[02 2] 
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[1112 3] 

o 

1112 4] 
102 5] 
[1112 6] 

/ N° >^ f^f^<7)^M (Four ier^^) O f^^HJ IH "C ^ ^ o 
102 7] 

[1112 8] 

112 7<o^2^J!^a^^i-lil^^T-';ni-e^b'5)o 

[112 9] 

Ummm^ -e«^ L C M O S K ^ / -^(7) gif M EI -c- ^ ^ „ 
[^^-^Og^B^l 

1 i^mi^&U 2 P'yj^)V 3 KV-f>^ 

4 v-^e 5 MfeiM 6 y~hmm 

7,8 P+® 9a, 9b »S 

10, 10a Vy^ ^^hyz^i/y^^ 2 0 > K^TfSjUlli^ 

2 1 mm 2 2 22a, 23a a^rr^A 

2 3 2 4 ^^t® 3 0 m-^^'yy^'^rmmm 

3 1 M-^lt 3 1a, 3 2a ^m^y^ 32 

4 0 V^/-^^ h 4 1 m?i^i5^'9> K^Tf^ii^i^ 

4 2 m^^'^y Y^rmm^^ 50 7cs^i^^*^> K^^rfs^im 

5 0a, 50c 5 0 b , 5 0 d > Kit 

5 1, 5 2, 5 3 "j^^mm^'y y v^rmmWi^ 

55, 5 6, 5 7 Yy^J'^Yyyi^y^^ 5 8, 5 9, 6 0 if^VyyV 
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33/E 



6 1 a ~ 6 1 e ^mMM^^y > V^^rm^m 6 2 niB 
63a, 63b, 63c ^i^mUi'^y > V^TBim^^ 
64, 65a, 65b, 65c ^^•yh7-^ 

6 6 mmy^y h'^rmm^^ 6? ^i^se^a 70 i^se^^ 

7 1 2^Bm 7 2 3^BE#a 7 3 4mnm 

7 4, 7 5 H~T'-^-;^ 7 6 T>^H~T'i^-;V 

8 1, 8 2 8 3a, 83b mn. 

8 4 8 5 W:±U 

9 3 ffifJt 9 4,9 6 

10 1, 10 2 y 7° • 
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